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@> Polymeric particles. 

@ Core and shell polymeric particles are described that have microvolds In the core and one o 

channels connecting the microvolds to the exterior of the particle. These particles, or LCAPs are 
produced by forming a core of polymeric acid, encasing the core in a shell polymer permeable to base, 
and then neutralizing the core such that the core swells, causing the shell to 'explode" in a controlled 
fashion. This controlled explosion causes channels to form in the shell. .These particles can be used as 
control release devices for target compounds, to impart reinforcing properties to acrylic films, as an 
opacifying agent in coating compositions, and as a supplement or replacement of part or all of the 
pigmentary material or extenders that would otherwise be used in Such coating compositions^'' 
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The present invention relates to polymeric particles. 

In particular, the present invention is concerned with core and shell polymeric particles having microvoids 
in the core and one or more channels connecting the microvoids to the exterior of tha particle. These particles 
can be produced by forming a core of polymeric acid or base, encasing the core In a shell polymer permeable 

e to base or acid, and then neutralizing the core such that the core swells, causing the shell to "explode" In a 
controlled fashion. This controlled explosion causes channels to form in the shell. The particles can be used 
as control release devices for target compounds, to impart reinforcing properties to acrylic films, as an opaci- 
fying agent in coating compositfons, and as a supplement or replacement of part or all of the pigmentary ma- 
terial or extenders that would otherwise be used in such coating compositions. - 

10 In the prior art, Kowalski et al. t in U.S. Pat. No. 4.427.336 C836). discloses the production and use of an 

aqueous dispersion of water-insoluble particulate he to ro polymers made by sequential emulsion polymeriza- 
tion. Tha particles disclosed In the '336 patent have a core of polymen'c acid encased in a shell polymer per- 
meable to volatile bases, such as ammonia- or an organic amine. The shell is not permeable to permanent, 
non-volatile bases such as sodium hydroxide. When the particle is exposed to a volatile base, the base per- 

13 meates the shell and at least partially neutralizes the polymeric add core, causing the core to swell because 
of hydration. Upon drying the aqueous dispersion and volatilization of the volatile base and water, an enlarged 
swollen particle containing a micro void is formed. Because of the formation of microvoids during drying, the 
aqueous dispersions of the *83S patent is useful as an opacifying agent In water-based coating compositions. 
Kowalski et al., in related U.S. PaL No. 4,469,825 f 825) discloses core and shell polymer particles wherein 

20 the core is composed of polymeric base, and is encased in a shell polymer permeable to an acid, such as acetic 
acid The polymeric base core Is neutralized and swollen with the acid. Similar to the '636 patent, an aqueous - 
dispersion of the acid-swollen, polymeric- bass containing core and shell particles of the '825 patent is useful 
in making water-based coating compositions, wherein microvoids are formed In the cores of the swollen par- 
ticles upon drying. 

Blankenship'et al.. in U.S. Pat No. 4,594,363 f363) also discloses a process for making core and shell 
polymer particles useful for opacifying coating films. The particles disclosed in the '363 patent are prepared 
by emulsion polymerizing a core from a core monomer system of at least one ethylenically unsaturated mono- 
mer containing acid functionality, encapsulating the core with a hard shell by emulsion polymerizing a shell 
monomer system in the presence of the core. The shell system is chosen such thai the shell permits the pen- 

so 1 etration of fixed or permanent bases, causing swelling of the core at elevated temperature. When a dispersion 
of the swollen particles Is dried, the microvoids cause opacity. 

Kowaiski et al. v in U.S. Pat. No. 4,463,498 ('498) discloses a similar process as disclosed In "S36 for making 
an aqueous dispersion of core and shell polymers. The particles disclosed in the k 498 patent have a core con- 
taining sufficient acid groups to render the core eweftable by neutralization with a volatile base and have a , 

S3 ehell permeable to volatile base. These heteropoiymer dispersions are useful in aqueous coating compositions. 

Chip et al.. in U.S. Patent No. 4,920.160 ('160) discloses core and -shell polymeric particles having a core 
formed from monomers having acid functionality and a shell free of acid groups. The shell is permeable to non- 
volatile base, such as sodium hydroxide. The non-volataa base penetrates to the core, neutralizes it, causing 
Swelling of the core. Swelling is achieved at elevated temperatures in the absence of organic solvent. These 

40 swollen particles, upon drying in a paint orothercomposibon, have air in the voids and act as opacifying agents. 

U.S, Patent; No. 4,677,003 to Redlich et fid. relates to a sequential polymerization process for preparing a 
water-Insoluble dispersion of core and sh ell particles having a core containing a solvent blend. The com emul- 
sion is prepared by emulsifying in water at high shear a mixture of; hydrophillc solvent; hydrophobic solvent; 
monomer, Including carboxyllc acid monomer; anionic surfactant; water-insoluble emulsion stabilizer; and we- 

45 ter-insohjble thermal polymerization initiator. The core emulsion. Is heated to polymerize the initial monomer, 
forming the core particles. The mixture Is a non-solvent for the polymer prepared. Subsequently, a base se- 
lected from ammonia and organic amines Is added, neutralizing the polymerized carboxyllc acid and forming 
core and ehell particles. Optionally, additional monomer is added and polymerized on the core and shell par- 
tides. These particles are useful as opacifying agents in coating compositions and also for microencapsulation 

50 of organic target materials. 

All of the patents discussed hereinabove lead to core and ehell particles with microvoids in the center. It 
is an essential feature of all the particles disclosed In the above patents to have a core completely surrounded 
by the shell. For example, as stated In column 9, line 46-43 of U.S. Patent No. 4A$Q, 498. properly encapsulated 
particles have alkali swellable cores that do not titrate with base when exposed to alkali metal bases. This im- 

56. plies the core is completely surrounded. None of the patents discloses core and shell particles with microvolde 
having a channel from the core, through the shell, to the exterior of the particle. Up until now, the general belief 
was that channels from the core through the shell are undesirable if the par tided are to be used as opacifying 
agents in coating compositions because the channels allow the coating binder to penetrate to the core, filling 



PAGE 19/85 * RCVD AT 12/14/2005 3:59:51 PM [Eastern Standard Time] * SVR:USPTO-EFXRF-6/24* DNiS:2738300 * CSiD:612 331 7401 * DURATION (mm-ss):22-58 



12/14/2005 15:03 FAX 612 331 7401 



IPLM GROUP, P. A. 



@020 



EP 0 565 244 A1 

the mlcrovoids and destroying their opacifying power. 

The present Invention seeks to provide new particles and processes for making same. 
According to a first aspect of the present Invention there ia provided a particle comprising a hollow core, 
5 surrounded by a shell, and at least one channel connecting the hollow core to the exterior of the particle and 
wherein said particle has an average diameter of from about 0.1 to about 5,0 urn (micron). 

According to a second aspect of the present invention there Is provided a process for making water-in- 
soluble polymer par Holes, preferably in the form of an aqueous dispersion, comprising (a) sequentially emulsion 
polymerizing in en aqueous medium containing a free radical initiator a core monomer system comprising one 
io or more monoethyienically unsaturated monomers and at least about 6 mole percent of a carboxylic acfd or 
anhydride monomer, whereby dispersed core particles are formed having an average diameter of from about 
0.05 to 1 pm (micron); and (b) polymerizing in the presence of the dispersed core particles resulting from (a), 
ashell monomer system comprising at least one monoethyienically unsaturated monomer having no lonlzable 
group to Form a shell polymer on the cere particles, wherein any monoethyienically unsaturated carboxyllc acid 
16 in the shell monomer mixture Is present In an amount of no more than about 1 0 mole percent of the shell mono- 
mers, the resultant core-shell particles having an average diameter before neutralization and swelling of from 
about 0.07 to 4.5 um (micron), the relative amounts of core-forming monomer(s) and shell-forming monomer(s) 
being such that the ratio of the weight of the core to the welghtof the total polymer in the resulting dispersed 
particles Is from about 1:2 to 1:100: and (c) neutralizing said particles formed with a base so as to swell said 
20 core and form particles containing a microvoid in the core and at least one channel connecting the microvoWs 
to the exterior of the particle. 

According to a third aspect of the present Invention there ia provided the use of the particle In an effective 
amount to atre ngthen polymer films. 

According to a fouth aspect of the present Invention there Is provided the uee of the particle in an effective 
25 amount as an opacifying agent in coating compositions. 

According to a firth aspect oF the present invention there is provided the use of the par tide in an effective 
amount in a paper coating compositions, 
? Preferably, the particle has one channel connecting the hollow core to the exterior of the particle. 

Preferably, the particle is formed by aqueous emulsion polymerization of monoethyienically unsaturated 
30 » monomers. 

*- Preferably, the base used to swell said core Is selected from the group consisting of ammonia, amines, 
■ sodium hydroxide, potassium hydroxide, end lithium hydroxide, preferably the bade is- ammonia. 
* Preferably, at least about 10 mole, preferably at least about 30 mole, percent of said core monomers have 
a carboxylic acid group. 

35 Preferably, wherein lees than about 5 mole percent of said shell monomers have a carboxylic acid group. 

Preferably, the ratio or said core component to said shell component is about 1:4 to about 1:15. 
Preferably, at least about 85 percent of the particles formed contain a microvoid In the core and at least 
one channel connecting the microvoid to the exterior of the particle. 

Preferably, the particle according to the first aspect of the present Invention te prepared by a process ec- 
40 cording to the second aspect of the present invention. 

Preferably, the core monomer having a carboxylic acid or an hydride group Is selected from the group con- 
sisting of acrylic acid, metheorylio acid, acryloxy propionic add, met hacryloxy propionic acid, acryfoxyacetic 
acid, methacryloxyacetlc add, monomethyl acid maleate, mo nom ethyl add itaeonate, "erotonic acfd, aconitk; 
add, maleic acid, maJeic anhydride, furnaric acid, monomethyi njmarate, and methacryfic anhydride. 
45 Preferably, the core monomer having a carboxylic acW group ia methacrylic acid. 

Some of the advantages associated with the present invention are that the particles can be used as control 
release devices for target compounds, to Impart reinforcing properties to acrylic f lima, as an opacifying agent 
in coating compositions, and as a supplement or replacement of part Or all of the pigmentary material or ex- 
tenders that would otherwise be used in such coating compositions. 
go However, none of the prior art documents discloses core and shell particles with mlcrovoids having a chan- 

nel from the core, through the shell, to the exterior of the particle. 

In the process of the present invention, core and shell particles can be produced by several of the proc- 
esses discussed above, however, upon swelling of the core with, far example, a volatile base, a non-volatile 
base or an acid, the core is allowed to swell to such an extent that the pressure produced in the core causes 
ss an "explosion." This explosion, or release of pressure, causes at least one channel to form from the care, 
through the shell, to the exterior of the particles. These particles have been given the terminology latex cap- 
sules or "LCAPs." . i» ,' 

The channel through the LCAP's shell allows for equilibration of water-soluble or water suspended mate- 
rials between the two phases. This channel facilitates the rapid equilibration or material between the extericr 

* .' 

3 
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of the particle and the interior cavity. In addition to using these latex capsules as control release devices for 
target compounds these capsules impart unique reinforcing properties to acrylic fiims. 

Surprisingly, the latex capsules are good opacifying agents in certain coating compositions, superior to 
6 similar particles without channels through the shell, particularly In coatings with very high pigment loadings 
and low levels of binder. 

The above mentioned prior art patents disclose several suitable synthesis methods for preparing core and 
shell particles. These particular methods can be modified to prepare the particles fo the present Invention. 
For example, the methods disclosed In U.S. Patent Nos. 4.920.160, 4,594.363, 4.469825, 4.468.498 and 
10 4,427,836 can be modified to produce the LCAPs of the present invention. 

The core-shall polymers useful In the present invention are preferably prepared by a multistage, sequential, 
emulsion polymerization process such as described in U.S. Patent No. 4,427.836. While the core may be made 
in a single stage or step of the sequential polymerization and the shell may be the product of a single sequential 
stage or step following the core stage, the making of the core component may involve a plurality of steps in 

is sequence followed by the making of the shell which may involve a series of sequential steps as well. 

Thus, the first stage of emulsion polymerization in the process of the present Invention may be the prep- 
aration of a seed polymer containing small dispersed polymer particles insoluble in the aqueous emulsion poly- 
merization medium. This seed polymer may or may not contain any acid component but provides particles which 
form the nuclei on which the core polymer of acid monomer, with or without nonionic comonomer(s), is formed. 

20 As Is common to aqueous emulsion polymers, a water-soluble free radical initiator Is used, such as hydro- 

gen peroxide, tert-butyt peroxide, or an alkali metal (sodium, potassium or lithium) or ammonium persulfate or 
a mixture of such an initiator with a reducing agent, such as a sulfite, (more specifically an alkali metal meta- 
brsutflte. hydrosulfKe. or hyposutf Ite. or sodium formaldehyde su Ifoxylate) to form a redox system. The amount 
of initiator may be from 0.01 to about 2% by weight of the monomer charged and in a redox system, a corre- 

23 sponding range (0.01 to about 2%) of reducing agent may be used. 

The temperature of the aqueous emulsion polymerization is preferably in the range of about 10°C to 100°C, 
Higher temperatures can be used under appropriate reaction conditions. In the case of the persulfate systems, 
the temperature Is preferably In the range of 60*C to 90°C. In the redox system, the temperature is preferably 
in the range of 30°C to 70°C, preferably 30 B C to 00*0, more preferably in the range of 40°C to 60°C. 

30 Any suitable nonionic oranlonicemulsifier may boused, either alone ortogether. Examples of the nonionic 

type of emulsifier include tert-octylphenoxyethylprf^sa^ethoxyethanol, and nonyiphenaxyethy|pory(40)- 
ethoxyethanoJ. Examples of anionic emulsif iers include sodium lauryl sulfate, sodium dodeoyl benzenes ulfon- 
.ate. and tert-octylphenoxyethoxypoly- (39)-ethOxyethyl sulfate. The proportion of emulftfftar may be zero. In 
the situation wherein a persulfate initiator Is used, to about 0.3 weight percent based on the weight of monomer 

as charged to the first stage of polymerization. 

The molecular weight of the polymer formed in a given stage may range from 100,000 or lower If a chain 
transfer agent is used, to several minion. The acid-containing core polymer, whet her obtained by a Single stage 
process or a process involving several stages, has an average size of about 0.02 to about 1.0. , preferably 0.1 
to 0.5. more preferably 0.2 to 0.5 pm (micron) diameter in unswollen condition. If the core la obtained from a 

40 seed polymer, the seed polymer may have an average size in the range of 0.02 to 0.2 urn (micron) diameter. 

The com component re the product of aqueous emulsion polymerization of one or more monoethyfenlcatly 
unsaturated monomers containing a group of the formula -HC=C<, wherein at least about 5 mole percent or 
more of said monomers contain a carboxylic acid group or an anhydride group. Examples of Suitable monoe- 
thylenically unsaturated monomers include styrane, virryftoluene, ethylene, vinyf acetate, vinyl chloride, viny- 
ls iidens chloride, acryionitrle. acrylamide, methacrylamfde, and various (C,-C* 0 ) alkyi otCCVCm) afkenyl esters 
of acrylic or methacrylic add, such as methyl methacrylate, methyl acrylate. ethyl acrylate. ethyl methacry- 
late, butyl acrylate, butyl methacrylate. 2-ethyihexyJ acrylate. 2-ethyihexyl methacrylate. benzyl acrylate. ben- 
zyl methacrylate, lauryl acrylate. lauryl methacrylate, palmityl acrylate, paimityl methacrylate, stearyl acryl- 
ate, stearyl methacrylate and the like. Examples of suitable monomers containing a carboxylic acid group or 

50 an anhydride group Include acrylic acid, methacrylic acid, Itaconlc acid, aconibc acid, maleic add, maleic an- 
hydride, fumaric acid, crotonic acid, acryfoxypropionic acid methacryioxy prop ionic acid, acrytokyacetlc acid, 
methacrylic anhydride, methacryloxyacetfc acid, monomethyi acid maJsata, monomethyl acid itaconate, 
monomethyi fumarate and the Ike. 

Although the core component can be prepared from monomers wherein at least 5 mole percent of said 

55 monomers contain a carboxylic acid group or an anhydride group, it is preferred that at least 10 mole percent 
of said core monomers have a carboxylic acid group or an anhydride group, more preferably at least about 30 
mole percent of said core monomers have a carboxylic acid group or an anhydride group. The preferred core 
monomers having a carboxylic add group or an anhydride group are acrylic acid, methacryiic acid, acryloxy- 
proplonle acid met hacryloxyprop ionic acid, acryioxyacetlc acid, methacryloxacetic acid, monomethyi acid mal- 
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eate, monomethyl acid itaconate, crotonic acid, acomtlc acid, maleic acid, maleJc anhydride, fumaric acid and 
monomethy! fumarate. The most preferred acid-containing core monomer is methacryUc acid. 

After the acid core Is obtained, a subsequent stage or stages of emulsion polymerization is effected to 
6 form a shell polymer on the acid core polymer particle©. This may be performed In the same reaction vessel 
in which the formation of the core was accomplished or the reaction medium containing the dispersed core 
particles may be transferred to another reaction Container. K is generally unnecessary to add emulsif ier unless 
a polymodal product is desired, but in certain monomer/ernulsifter systems for forming the shell, the tendency 
to produce gum or caagufum in the reaction medium may be reduced or prevented by the addition of about 
10 0.05 to about 0.5% by weight, based on shell monomer weight, of emulsif ier without detriment to the deposit] on 
of the shell polymer formed on the previously-formed core particles. 

The monomers used to form the shell polymer on the add core particles may be any of the monoethylen- 
icalry unsaturated comonomers mentioned hereinbefore for the making of the core. The monomers used and 
the relative proportions thereof in any copolymers formed should be such that the shell thereby formed is per- 
is meable bo organic or inorganic bases. In spite of their hydro phoblclty, the extremely non-polar or low-polar 
monomers (namely, styrene, alpha-methyl styrene, vinyltoluene, ethylene, vinyl chloride and vfnylidene chlor- 
ide) are useful alone or in admixture with more highly polar monomers, such as vinyl acetate. Moiifomerlc mix- 
tunes for making the shell preferably contain less than about 10 mole percent, more preferably leas than about 
5 mole percent of monomers having a carboxylic acid group or an anhydride group. However, the equivalents 
20 ofacid in trie shell polymershould not exceed one-third the equivalents thereof in the core polymer. The content 
of acid monomers serves either or both of two functions; namely, stabilization of the final sequential polymer 
dispersion and assuring permeability of the -shell to a base swellanL The shell has a glass transition temper- 
ature from about -40 B C to about 1 00*C 

The amount of polymer forming the shell component is generally such as to provldB an overall size of the 
25 core-shell polymer of about 0.07 to about 4.5 fim (microns), preferably about 0.1 to about 3.5 microns, and mora 
preferably about 0.2 to about 2.0 \tm (microns) in unswollen condition before any neutralization to raise the pH 
to about 6 or higher. It is preferable to select the amount of polymer such that a thin shell is formed which will 
explode upon neutralization and form an LCAP upon swelling. In the un swollen, unneutraJized state, the Weight 
ratio of core polymer to the shell polymer ranges from about 1:1 to about 1:20, preferably from about 1:1 to 
30 about 1:10. 

Once the core-shell potymer particles are formed, they are swollen by subjecting the particles to an organic 
or inorganic base that permeates the shell and neutralizes the core. This neutralization with base causes the 
core-shell polymer particles to absorb water from the surrounding medium and swell to such an extent as to 
cause the core-shefl particle to explode, forming an LCAP. During this swelling step, it has been. found that 
as LCAP* can most effectively be formed If the concentration of the particles in the aqueous medium Is preferably 
from about 1 5 to 35% by weight 

Any organic or inorganic base can be used to neutralize and swell the core-shell polymer particles to form 
LCAPs. These bases include, for example, ammonia, amines, sodium hydroxide, potassium hydroxide, lithium 
hydroxide and the like. The more preferred base la ammonia. 
<ro if the glass transition temperature (Tg) of the core or shell la above standard ambient temperature, H may 

be necessary to heat the core-shell polymers above theirTg, or to add a solvent to soften the polymer particles, 
to effect swelling. The time of exposure to the swelling agent is from about 0.5 to 24 hours, depending on the 
acid content of the core. The greater the acid content, the faster the degree of swelling and therefore the less 
the time. If the acid content is low, the temperature can ba increased to facilitate swelling. The degree of swel- 
ls ling is also dependent on the hardness of the shall. 

The LCAP particles of the present invention are formed using the processes described above, provided 
the formation conditions are sufficient to allow for the formation of channels upon swelling of the particles-. 
For example, several parameters that can ba Varied are the thickness of the shell, "softness" of the shell, acid 
level of the core, permeability of Hib shell to the swelling agent, and exposure time and temperature of the 
50 particles to the swelling agent. 

The LCAPs of this invention are useful to encapsulate aqueous-containing compositions which contain bio- 
logically- or chemically-active materials, such as. for example, pesticides, fungicides, and fire retardants. The 
LCAPs containing the encapsulated biologically- or chemically-active material can then be used for controlled 
release of the encapsulated material. 
65 The process of forming an LCAP can also be used to release specific compounds from the core of a core- 

shall particle. For example, core-shell particles can be used as thickeners whereby, prior to LCAP formation, 
a thickener composibons Is encapsulated within the core-shell parb'cfe. Then, when the LCAP is formed, the 
thickener composition is released. 

In addition, the LCAPs are useful for imparting reinforcing properties to acryllef lima, as an opacifying agent 

i 

5 
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in coating compositions, and as a supplement or replacement of part or all of the pigmentary material or ex- 
tender© t hat woul d otherwise be used in such coating compositions . When used to reinforce films or when used 
as an opacifying agent, it Is preferable trie amount of LCAPs be from about 5 to 40% by dry weight. 

5 • Other uses of LCAPs are, for example, in paper coatings and as a method of separation whereby molecules 
of particular sizes are trapped within LCAPs of specific sizes. In pa per coatings, LCAPs can be used in topcoats 
for printing grades at an amount of from about 1 to 30% of the dry weight When used In thermally insulating 
basecoats for facsimile paper, the amount of LCAP is from about 20 to 90% of the dry weight. 
The present Invention will now be described by way of example only. 

10 ]n the Examples reference shall be made to Figure 1 which Is a graph showing the elastic modulus versus 

frequency of the films prepared In Example 2. 

All percentages in the following Examples are weight percentages unless otherwise indicated. 



is 
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Example 1 



Core-shell polymer was prepared by sequential emulsion polymerization as described in U.S. Patent No. 
4.427,836. Trie composition of the core polymer was 5% butyl acrylate, 65% methyl methacrylatB and 30% 
mathacryllc acid. The composition of tha shall polymer was 40% ethyl acrylate, 58.5% methyl methacrylate 
and 1.5% methacrylic acid. The ratio of core polymer to shell polymer was 1:7. The shell polymer had a glass 

20 ' transition temperature of 55°C. The final dispersion of core-shell polymer had a total solids of 48.4%. A sample 
was titrated with 0.5N KOH. No core methacrylic acid was detected. Therefore, It was concluded the core was 
well encapsulated by the shell. To determine the amount of core acid axpulsed on rupture of the core-shell 
particle to form LCAPs and the accompanying water uptake, a portion of the dispersion was diluted to 10% 
solids and neutralized with 1 .5 equivalents of 26% aqueous ammonia. This mixture was heated to 40. 6*0 and 

2S then 95°C wh?e samples were withdrawn periodically and then cooled to room temperature. Approximately 30 
grams of each of the heated samples were cenMfuged on a Sorval table top centrifuge at 6,000 RPM for 1.5 
hours, separating the LCAPs from the aqueous serum. The supernatant liquid was poured off, the weight not- 
ed, ahd'titrated with 0.5 N HCI using a Radiometer Automatic Tltrator. The core acid (pKa around 0.5) was cal- 
culated "by:' 

30 ' mtTlterXO.SNAcid = Expulsed 

(theorymeq/g core acid)(g poly) eauuihbu 
The water uptake was determined by the following calculation: 

I ((gsamp- 9 . super) - gsoKds) - 0.4fti solids) watCf uptaJui 

g solids 

as The value 0.4 is an approximation of the correction for Interstitial water in the plug. This was determined 

separately on polymer of similar composilfon and partide size. Table 1 summarizes the data. 
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TABLE 1 

Effect of Time and Temperature on the Ammonia Neutralization of 



Encapsulated High Acid Cores! 
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40 


19.68 


0.0070 


10.7 


2.3 




+1.0 


60 


1835 


0.0136 


19.1 


2.75 


20 


+2.0 


60 


20.02 


0.0250 


38.2 


2.19 




+17.0 


60 


20.20 


0.0400 


61.2 


2.13 




+17.0 


915 


20.63 


0.0460 


72.0 


1.99 



iPartide from Example 1 - Core (1 part) 5 BA/65 MMA/30 MAA and shell (7 parts) 40 Ea/56.5 
MMA/l^ MAA- All samples were neutralized with 1-5 Eq. ammonia On core acid at 10% total 
solids. 

30 > 

■■ *A1I samples to be titrated were taken from the same vessel. The time indicates the incremental 
time at which the sample? were taken. , } 

35 

The data in Table I enow that the core-shell polymer, after reaching a certain degree of swelling <>1,9 g 
H 2 0/g of polymer), atarts exploding and releasing core add into the external aqueous phase; the more swelling, 
the more exploding. After around 20% of the core acid has appeared in the aqueous phase, there appears to 
be some reduction In swelling which may be due to some relaxation of the stretched shell after the core has 
40 been,expulsed. 

Example 2 

An LCAP was prepared according to the process of Example 1 only having a harder shell {26% ethyl ao 
45 ryiate. 73.5% methyl msthacrylate and 1 .5% methacryile acid); a portion was swollen with excess ammonia 
at temperatures above 80°C unta most of the core add was expufsed Into the serum. This LCAP was evaluated 
as a reinforcing agent for polymer films. Film© were prepared using no. 5 and 10% core/shell polymer (unswol- 
len, no channel) and 5 and 1 0% of the LCAP with a polymer having a composition of 98.2 BA/1.8 MAA A 30 
mil film waa formed from each composition and dried for two weeks. The physical properties of these films 
so weremeasured and the results are shown rn Table 2 and figure 1« Figure 1 is a graph showing the elastic mod- 
ulus versus frequency of the films prepare in Example 2. Films d and e containing LCAPs are stronger and 
■ have less elongation and are.thus more reinforced than the controls a, b and c. 
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TABLE 2 

FILM STRF.SS-STRAIN PARAMETERS,- AVER AGE VALUES 
XHEAD = 20 IM/MTM (Q.B5 cm /secV GAP = 0.5 fM tt.27crT^ 







BREAK 




YIELD 


10 




STRGTH 


% ELONG 


STRESS 




SAMPLE* 


(PSI) kgrt,^ 




(FSt) kgnu2 




a (Comparative) 


(27.5) 19333 


4.4 


(9.0) 6327 


IS 


b (Comparative) 


(292) 20528 


4.0 


(10.0) 7030 




c (Comparative) 


(28.1) 19754 


3.6 


(10.9) 7663 




d 


(30.6) 21512 


3.4 


(14.0) 9842 




e 


(34.4) 24183 


2.7 


(24.7) 17364 



20 



*a - (98.2 3A/1& MM) + no LCAP 
b - (98.2 BA/1.8 MAA) + 5% core/shell polymer (unswollen, no channel) 
c * (98.2 BA/ 13 MAA) + 10% core/shell polymer (unswollen, no channel) * 
d - (98-2 BA/L8 MAA) + 5% LCAP 
e - (98.2 BA/1.8 MAA) + 10% LCAP 

EXAMPLE 3 

30 

Preparation uf Acrylic Seed Latex 

A 5-literf leek equipped with paddle stirrer, thermometer, nitrogen Inlet, and reflux condenser was charged 
with 2000 grams of deionized water. The water was heated to 85*C under nitrogen atmosphere with stirring 

35 and 0.4 grams of AJipal.EP-110 (ammonium salt of sulfated alkylphenol ethoxytate. 9 moles of ethylene oxide. 
30% solids) was added to the Mask. Then 1 64 g rams of a monomer emulsion was added to the flask. Tha mono- 
mer emulsion was prepared from 770 grams of d ©ion feed water, 5.2 grams of All pal EP^HO, 780 grams of me- 
thyl mettiacrylate. and 10.4 grams of rnethacryllcacW. This was followed by the addition of 5.5 grams of sodium 
persulfate dissolved in 40 grams of deionized water. The temperature of the reaction mixture was allowed to 

40 rise. To tha previously prepared mbnomeir emulsion, an additional 20 grams of AfipaJ EP-110 and 510 grams 
of met hacryiic acid were added. Fifteen minutes after the addition of the sodium persulfats solution to the flask, 
a gradual addition of tha remaining monomer emulsion was begun at a rate of 15 grams/minute. The temper- 
ature was allowed to rise to 85*C ( where It was maintained throughout the monomer addition. Fifteen minutes 
after the monomer addition was completed, the reaction mixture was cooled to 25° C. Then the product was 

4S f glared through a 1 00 mesh screen. The product had a pH of 2,5, 30.0% total solids and an average particle 
diameter of 218 nm (Coulter Nano-Skzsr), 

EXAMPLE A- Comparative 

sa Preparation of Core/Shell Particle 

To a 5-ltterflask equipped with paddle stirrer, nitrogen inlet; reflux con denser, and thermometer was added 
2350 grams of deionized water. The water was heated to 80°C under nitrogen atmosphere and then 1 .7 grams 
of sodium persuJfeie dissolved in 40 grams deionized water, follows d by 167 grama of the acrylic seed polymer 
ss dispersion of Example 3 was added to the flask. A monomer emulsion of 50 grams of deionized water. 2.0 grams 
of All pal EP-110. 200 grams of vinyl acetate, 188 grams of methyl methacrylate, 8.0 grams of 1,3-butylene 
glycol dfmsthacrylate. and 4.0 grams of rnemacrytic acid was then gradually added to the flask over 75 min- 
utes. The temperature was allowed to rise to B0°C where it was maintained throughout the addition of the mono- 
mer emulsion. Concurrent with the addition of the monomer emulsion, 1.3 grams of sodium persulfate dfs- 

8 



PAGE 25/85 ' RCVD AT 1211412005 3:59:51 PM [Eastern Standard Time] » SVR:USPTO-EFXRF-6/24 ■ DNIS:2738300 » CSID:612 331 7401 " DURATION (mm-ss):22-58 



12/14/2005 



15:05 FAX 612 331 7401 



IPLM GROUP, P. A. 



@026 



EP 0 565 244 Al 

solved In 60 grams of deionized water was gradually added to the flask at a rate of 0.5 grams/minute. Ten mirv 
utes after the completion of the monomer addition, 45 grams of 28 percent aqueous NH 3 was added to the 
flask. Asecond monomer emulsion of 37.5 grams of deionized water, 1.7 grams of AHpal EP-110 and 300 grams 

s of styrene wag gradually added to the flask over 47 min utes. The temperature was allowed to rise to 85°C wtiere 
it was maintained throughout the monomer addition. After the completion of the monomer addition. 1 .3 grams 
of sodium persulfate dissolved In 60 grams of deionized water was added to the flask. The temperature of thB 
reaction mixture was maintained at 85°C for 30 minutes, then cooled to 25 & C. The product was f 0 tared through 
a 100 mesh screen. The product had a pH of 9.7, a total soKds of 20.6 percent, an average particle diameter 

10 of 0.68 urn (microns) (Coulter Nano-Slzer), Wratable acid of '27,5 percent of theoretical (see following section 
on Polymer Characterization Part A), dry bulking value of 0.2296 gallon/lb (2 l/kg) (see Polymer Characteriza- 
tion Part B). When viewed by optical microscopy (see Polymer Characterization Part C), nearly every particle 
was seen to contain a single dark spot in the center, fndicative of an encapsulated air bubble and when viewed 
by transmission electron microscopy (TEM), the polymer particles were seen to have light centers wfth dark 

15 and complete shells. 

Example 5 

To a 5-liter flask equrppod with paddle stirrer, nitrogen inlet reflux condenser, and thermometer was added 
20 2350 grams deionized water. The water was heated to 80 B C under nitrogen atmosphere and then 1.7 grams 
of sodium persulfate dissolved in 40 grams of deionized water, followed by 267 grams of the acrylic seed poly- 
mer dispersion of Example 3 was added to the flask. A monomer emulsion of SO grams of deionized water, 2.0 
grams of AllpaJ EP-110, 200 grams of vinyl acetate, 198 grams of methyl methacrylate, and 4.0 grams ofrrte- 
thacryllc acid was gradually added to the flask over 75 minutes. The temperature was allowed to rise to 80*C 
23 where It was maintained throughout the addition of the monomer emulsion. Concurrent with the addition of 
the monomer emulsion, 1.3 grams of sodium persulfate dissolved In 60 grams of deionized waterwas gradually 
added La the flask at a rate of 0.5 gnqms/minute. Ten mlnuies after the completion of the monomer addition. 
45 grams of 28 percent aqueous NH 3 was added to the flask. A second monomer emulsion of 50 grams of deion- 
ized water, 2.0 grams of Allpal EP-110 and 400 grams of styrene was gradually added to the flask over 52mtn- 
so utes. The temperature was allowed to rise to B5°C where it was maintained throughout the remainder of the 
monomer addition. After the completion of the monomer addition, 1.3 grams of sodium persulfate dissolved si 
60 grams of deionized water wad added to the flask. The temperature of the reaction mixture was maintained 
... at 85*C for 30 minutes, then cooled to 25°C. The product was f Btered through a 100 mesh screen. The product 
had a pH of 9,8, a total solids of 22.4 percent, an average particle diameter of 0.65 \im (microns) (optfcal mi- 
ss crosoopy}, a total abatable add of percent (see Polymer Characterization Part A), and a dry bulking value 
of 0.24S5 gallorulb (2 l/kg) (see Polymer Characterization Part B). When viewed by optical microscopy (see 
Polymer Characterization Part C), few particles had dark centers; this is due to the ability of the immersion 
oil to readily fill the mlcrovolds through the channels in the shell. When viewed by transmission electron mi- 
croscopy (TEM), the polymer particles were seen to have light centers due to mlcrovoids with channels in the 
40 shells, as evidenced by light areas in the shell. 

Example 6 

The core-shell polymers of Examples 4 and 5 ware compared In coatings containing a low level of ptgmen- 
45 tation: 15 parts (solWs) core-shell polymer with 65 parts (solids) of a film-forming latex with composition 65% 
butyl ecrylate, 34% methyl methacrylate and 1% methacrylic acid (by weight)." The blends were drawn down 
on black vinyl charts (The Leneta Co., Form P-1 21 -1 ON) wit h a 7 mB Dow Applicator and the f frns were allowed 
to dry in a refngeratorat 1 fl C. The dry films (1.7 mils thick) were examined by optical microscopy and Kubelka- 
Munk scattering coefficients (S) were measured by the method of Mlnton and Jacobson (Off. Digest, Sept 
a? 1 963, pp. 871 -91 1) as a quantitative measure of microvoid content and opacity of the dried films. The f 3m con- 
taining the core-shell particles of Example 5 was dear and no m'crovoids could be seen by microscopy due 
to binder filling the cores throuoh the channels: S/mil (S/0.00254 cm) was 0.00. The film containing the Ex- 
ample 4 comparative particle© was whitish due to miort>vokb which could be scren easily with the microscope 
at 900X and were around 500 nm In diameter; S/mfl (S/0.00254 cm) was 0.10. Thus, the comparative particles 
55 (Example 4) with no channels through the shells are the better opacifiers in these films with high binder con- 
tent. In Example 7 below, the same two core-shell particles were compared in films with high pigment content 
(62.5% by volume) and the opacifying performance is reversed: the particle with channels (Example 5) sur- 
prisingly are the better opacifiers- ' i .'• ., 
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Polymer Characterization 

A, Tltratable Acid Determination 

To 20 grams of polymer dispersion from Example 4 or 5, was added 40 grams of deionteed water. Next. 
10 grams of Amberlite (R) IR-120 Pfus (H) -20+40 Ion exchange resin was added and mixed vigorously for 20 
minutes. The mixture was then filtered through cheese cloth to remove the Ion exchange resin and the total 
solids were determined. 20 grams of the treated dispersion were titrated with O.S N NaOH to a final pH of 11 .5. 
The mlMequivalents of acid titratable (to pH 5 to pH 9.5) per gram of polymer titrated were determined. Next, 
the milliequivalente were divided by the theoretical total carboxylic acid, and expressed as miiliequlvalents per ' 
gram of polymer; then multiplied by 100. The result was the abatable carboxylic acid expressed as percentage 
of total add. 



20 



B. Determination of Dry Bulking Value 

A portion of the polymer dispersion from Example 4 and 5 was diluted to 1 8% total solids. Similarly, a poly- 
mer dispersion prepared in the same method as Example 4 and 5, except forth* addition of 28% a'q. NH 3 was 
treated. 40 g of each diluted dispersion was added to two separate 50 ml centrifuge tubes. The samples were 
centrifuge at 15.000 RPM for50 minutes (Soryall Superspead Centrifuge equipped with SS-34 rotor). Thesem- 
ple was decanted and the clear supernatant weighed. The density of the undiluted polymer dispersion from 
Example 4 and 3 were separately determined. The dry bulking values were determined using the following 
equation. 

. SV^ ■ 11- (1-x)fctta«)] [<<W)(x) (40- z)J -1(0.1202) (40- y) 

zs where: . 

x = solids of undiluted polymer dispersion 
y - weight, in grams, of supernatant from neutralized latex 
2 = weight Id grams, of supernatant from unneutral ized latex 
dial** « density, in grame/cc, of the undiluted polymer dispersion 
so (0.1202 = converts from cc/g to gallons/lb) 



c ^ Optical Microscopy 

A sample of polymer dispersion from Example 4 and 5 was dried to a powder. The dry powder was im- 
mersed In hydrocarbon oD (np = 1.51) and viewed by optical microscopy. If the polymer dispersion consisted 
of particles containing single mlcrovoide with complete shells, many particles with dark centers were seen (Ex- 
ample 4)/ If the polymer dispersion wae made up of particles with microvoide predominately with channels 
through the shells, few particle* with dark centers were seen; the particles with channels through the shell 
are faintly visible (Example 5). 

EXAMPLE? 



Two paints were formulated both of whose pigment volume concentrations were 9% Ti-Pure R-g00 (TiOa). 
18.5% OptV/hrte P (clay). 10% Ve reunite (calcium carbonate) and 25% of tha polymers of Examples 4 and 5- 
tha paint volume solids were 33% in both cases: the Ti-Pure R-900 (99.3 parts by weight). Optiwhite P (1124 
parts) and Veramite (74.6 parts) ware dispersed in 112.5 parte of water, 23.2 parts of ethylene glycol. 4.8 parte 
of 30% Tamo! 850 dispersant. 2 parte of Colloid 643 defoamer and 2 parts of AMP- 95 auxiliary dlspersant using 
a Cowles Model 1-VJ Dissorver at high speed. At slower speed. Colotrend B lamp black dispersion was added 
to give a final dry paint Y-reflBctance of around 50%. To half of the above tinted grind was added 109.2 parts 
of UCAR 367 latex binder (vinyl acetate/butyl acrylate copolymer. 55% solids), 66.6 parts of the hollow core- 
shell dispersion from Example 4, 3.2 parts of Texanal coalsscent. 1 part of Colloid 643, 0.5 part of Nuocept 
95 rjreservanve, 7.5 parts of 32% Acrysol TT-935 thickener, 1 part of 28& aqua ammonia, and 98,1 parts of 
water. A second paint was formulated similarly using the other half of the tinted grind only 75.2 parte of the 
polymer dispersion from Example 5 was used and the water was increased to 107.5 parts. The dry bulking 
values measured In Example 4 and 5 were used to calculate the amount of core-shell dispetsion required to 
give 25% volume concentration. Both paints were allowed to equilibrate for three days and then were drawn 
down onvinyl charts with a 7 mil (0.01 73 cm) bar and allowed to dryfor7 days at75°F (23.9°C) and 50% relative 
humidity. The dry films were around 1.2 mils (0.00.3 cm) thick and completely opaque-- Reflectance readings 
were made with a Colorgard Instrument (Gardner Instruments) and averaged 0.458 and 0.474, respectively, 

10 
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for the Example 4 and 5 paints. From Kubelka-Munk theory, S/K = 2R/ (1-R) where R Is the reflectance of a 
thick (opaque) film and S and K are the scattering and adsorption coefficients of the paint, respectively. Since, 
both paints are tinted with the same concentration of lamp black* K can be assumed to be constant and R will 

5 vary directly with S. From the above equation, S Id 10% higher in the paint made with Example 5 dispersion 
of this Invention than in the paint made with Example 4 dispersion of the prior art: the higher S value means 
that In thin paint films, the Example 5 paint will be more opaque than the Example 4 paint at equal thickness. 

In the specification the following trade marks have been used: Acrysol (Rohm and Haas Company); Alipal 
(Rhone-Poulenc); Amberlite (Rohm and Haas Company); Nuosept (Nuodex); Optiwhrte (Burgess pigment Co.); 

10 Texanol (Eastman Kodak); Veramite. 

I . 1 ' 



30 



Claims 



is 1. 



A particle comprising a hollow core, surrounded by a shell, and at least one channel connecting the hollow 
core to the exterior of the particle and wherein said particle has an average diameter of from about 0.1 
to about 5.0 urn (micron). 



2. The particle of daim 1 wherein said particle has one channel connecting the hollow core to the exterior 
20 of the particle. 

3. The particle of daim 1 or daim 2 wherein said particle is formed by aqueous emulsion polymerization of 
monoethylenically unsaturated monomers. • • 

M 4. A process for making water-Jnsoluble polymer particles, preferably In the form of an aqueous dispersion, 
comprising 

(a) sequentially emuJeion polymerizing in an aqueous medium containing a free radical Inlptetora core 
. monomer system comprising one or more monoethylenically unsaturated monomers and at least about 
5 mole percent of a carboxyllo acid or anhydride monomer, whereby dispersed core particles are formed 
having an average diameter of from about 0.05 to 1 um (micron)? and 

(b) polymerizing In the presence of the dispersed core particles resulting from (a), a shell monomer 
system comprising at least one monoethylenlcaJly unsaturated monomer having no fonizaWe group to 
form a shell polymer on the core particles, wherein any monoethylenically unsaturated carboxylic acid 
In the shell monomer mixture is present In an amount of no more than about 10 mole percent of the 

35 sh « n monomers, the resultant core-shell particles having an average diameter before neutralization and 

swelling of from about 0.07 to 4.5 urn (micron), the relative amounts of core-forming monomers) and 
shell-forming monomers) being Such that the ratio of the weight of the core to the weight of the total 
polymer In the resulting dispersed particles Is from about 1:2 to 1:100; and 

(c) neutralizing said particles formed with a base so as to swell said core and form particles containing 
^ a microvold in the core and at least one channel connecting the mlcrovords to the exterior of the particle. 

5> The process of claim 4 wherein said base used to swell said core is selected from the group conelsHng 
of ammonia, amines, sodium hydroxide, potassium hydixwdde, and lithium hydroxide, preferably the base 
is ammonia. 

6. The process of claim 4 or claim 5 wherein at least about 10 mole, preferably at least about 30 mole, percent 
of said core monomers have a carboxylic acid group. 

7. The process of claim 4 or any claim dependent thereon wherein less than about 5 mole percent of said 
shell monomers have a carboxylic acid group. 

60 * ■■/ ' 

.8. The process of daim'4 or any claim dependent thereon wherein the weight ratio of said corecomponent 
to said shell component is about 1:4 to about 1;15. : 

d. The process of claim 4 or any claim dependent thereon wherein at least about 65 percent of the particles 
66 formed contain a mlerovoid in the core and at least one channel connecting the microvold to the exterior 

of the particle. j ' 

10, The particle according to daim 1 prepared by a process according to claim 2 or any daim dependent there- 
on. 

11 
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ELASTIC MODULUS VS FREQUENCY 
HlL-722B r RMB1662 SERIES , 50 C, 2 0 '/.STRAIN 

1.00£»07-j 




1.0DE*OA— I,. 



1.00E-01 


1. ODE-DO 
FREQUENCY 


1- DDE 
{RAO /SEC J 


-01 


SAMPLE ID a. * * * 


NO FILLER 




SVoSHELL 


c -o o □ 


10 */• SHELL 




57. L CAP 


e V V V 


10 V. L CAP 
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